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Abstract 
Nowadays fossil fuel plays a significant role in the global energy supply and demand. Many non-oil producers and 
agricultural countries have set the target of biomass utilization as alternative energy in their energy policy plan.  
Gasification is one of the promising technologies in terms of the conversion of biomass to heat and power. However, 
this technology has faced many challenges, e.g. high capital cost, low energy conversion efficiency, etc. As the Thai 
government has promoted the use of biomass as alternative energy and has financially supported the use of 
agricultural residue for heat and power production in 12 pilot projects, this study will review the current status of the 
gasification technology used in the projects and discuss the results of a performance test conducted in terms of 
feedstock consumption rate, producer gas yield, heating value of producer gas, and thermal efficiency. The feedstock 
used consisted of residue from wood, corncob, palm, etc. Four projects used producer gas for electrical power 
generation with the capacity ranged from 250 to 300 kWe and 8 projects to produce heat for use in the ceramics 
industry, for fertilizer drying, hotels, etc. According to the study, it was seen that downdraft air gasification 
technology is suitable for small-scale heat and power production. The heating value of the producer gas ranged from 
1.89 to 5.89 MJ/Nm3 and the maximum cold gas efficiency of 76.96% was able to be reached. 
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1. Introduction 
Global economic and social developments are the key factors in energy demand and energy supply. 
The contrary is also true - a secure energy supply in each country will guarantee sustainable development, 
economic growth, and quality of life. As a result of economic growth, urbanization, and social 
development, the world energy demand has increased continuously during the last decades. There are 
commonly two categories of energy sources: fossil fuels and non-fossil fuels. Because the utilization of 
non-fossil energy sources has faced many challenges in terms of high capital expenditure, low energy 
conversion efficiency, environmental impacts, and difficulty in the implementation depending on the type 
of non-fossil energy sources [1-3]. As biomass is the residue derived from the agricultural or industry 
sector, which is plentifully available in many agro-based countries, it is considered as the main non-fossil 
fuel source for heat and power production. Many countries, especially non-oil producer countries and 
agricultural countries, have set the target of biomass utilization as alternative energy in their energy policy 
plan. The European Union (EU) Member States’ National Renewable Energy Action Plans (NREAPs) has 
targeted the increased use of solid biomass and forestry biomass at 36% of the EU renewable energy by 
2020 [4]. Likewise, many Asian countries have also boosted the utilization of biomass as a renewable 
energy source in their countries. The electricity from bioenergy of 6,000 MW, 3,630 MW, 810 MW and 
170 MW has been targeted in China, Thailand, Indonesia, and the Philippines, respectively [5]. Although 
Thailand has a biomass energy potential of more than 4,400 MW, only 1,610 MW of power is currently 
generated from biomass. The National Innovation Agency (NIA) has promoted the use of biomass as 
alternative energy and has partly funded the use of agricultural residue for heat and power production 
through gasification technology in 12 pilot projects. Compared to the conventional combustion 
technology, which is commonly used for a large-scale biomass power plant, gasification technology is 
very suitable for the small-scale biomass power plant. This study reviews the current gasification 
technology for these pilot plants and conducted commissioning tests of the plants in terms of feedstock 
consumption rate, producer gas yield, heating value of producer gas, and thermal efficiency. 
2. Feedstock 
Biomass is comprised of the organic materials that come from a variety sources, including agricultural 
crops, energy plants, forestry products, and their residue. Additionally, waste from industry and 
households are considered as biomass. The feedstock proposed to be used in the 12 pilot plants for heat 
and power production can be categorized into agricultural products, forestry products, and industry 
residue. Table 1 listed the fuel properties of biomass used in some pilots plants. 
3. Current status of using biomass gasification in Thailand  
Energy production from biomass via gasification technology consists commonly of four steps:  fuel 
preparation, gasification, gas cleaning, and producer gas utilization, in sequence. The current status of 
using biomass gasification in 12 pilot plants in Thailand is summarized in Table 2. 
3.1. Feedstock preparation 
As the biomass used in the pilot projects has the moisture content of 10-15%-wt. which is in the 
suitable range for use as feedstock in the gasification process [6], the drying process is not essential in the 
preparation step. However, the biomass feedstock should be chopped into the size smaller than 10 cm.  
 
 Krongkaew Laohalidanond et al. /  Energy Procedia  79 ( 2015 )  385 – 390 387
Table 1. Fuel properties of feedstock 
Properties Mixed wood chips Wood residue  
from furniture 
manufacturing 
Eucalyptus wood 
chips 
Corncob  
Proximate analysis (%-wt. dry basis) 
Moisture1  9.75 10.72 18.65 10.60 
Volatile matter 75.39 94.72 76.93 90.38 
Fix carbon 23.43 4.06 22.06 6.27 
Ash 1.18 1.18 1.01 3.35 
Ultimate analysis (%-wt. dry basis) 
Carbon 51.71 46.70 40.29 42.28 
Hydrogen 7.11 6.03 6.98 6.34 
Nitrogen 0 0.85 2.53 1.20 
Oxygen 39.98 45.21 49.19 46.83 
Sulfur 0.02 0.03 0 0 
Heating value (kcal/kg dry basis) 
Lower heating value 4,230 4,335 3,840 5,350 
1 As received basis 
3.2. Gasification technology 
Regarding the gasification technology, 7 of the 12 pilot plants use a downdraft gasifier in their plants 
since the downdraft gasifier provides advantages in terms of the ease of operation, low tar content in the 
producer gas, the suitability of the small-scale power production of less than 500 kWe, and low 
investment and operation costs [5-7]. One pilot plant applied a 4-stage gasifier, in which four reaction 
zones of the gasification process - drying, pyrolysis, oxidation, and reduction - took place in separate 
reactors. The separation of the reaction zones in different reactors can effectively reduce tar, because 
volatile matter and tar can burn in the gas phase without solid material, which facilitates the good mixing 
of tar and air [5]. Additionally, the operating condition of each reactor can easily be controlled by the 
separation of the reaction zone.  
The heat source for the endothermic gasification process of almost all pilot plants usually comes from 
exothermic oxidation, which is called autothermal gasification. However, 2 pilot plants designed their 
gasification technology to operate in allothermal gasification, where the heat source comes from external 
sources. The heat source for the gasification reaction of plant No. 4 was the exothermic oxidation reaction 
in the separate reactor, and plant No. 6 used plasma torch as the heat source, which can provide a very 
high gasification temperature of 1,000-1,100 °C. Air was the dominant gasification agent used in all pilot 
plants. Only plant No. 1 used steam-air mixture as the gasification agent to enhance the producer gas 
heating value. 
3.3. Gas cleaning process 
The applied gas cleaning process for the 12 pilot projects is similar but not in the same sequence. The 
cyclone has the function of dust removal from the producer gas, and the heat exchanger/cooling tower is 
used to reduce the producer gas temperature. By using the wet scrubber, tar vapor is condensed at a low 
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temperature and absorbed into the water surface; consequently, tar is removed from the producer gas. 
Fine particles and fine droplets of tar are finally removed by filter before being utilized.  
Table 2. Current status of using biomass gasification in 12 pilot plants 
No. Design 
feedstock 
Preparation Gasification Gas cleaning Application 
1 Mixed wood 
chips 
Size reduction Downdraft with air/steam Cyclone 
Cooling tower 
Venturi scrubber 
Bio packed bed 
filter 
250 kWe power production 
by gas engine 
2 Corncob Size reduction Downdraft with air Cyclone 
Spray tower 
Wet scrubber 
Fabric filter 
350 kWe power production 
by gas engine 
3 Wood chips Size reduction 4-stage gasification: drying, 
pyrolysis, oxidation, and 
reduction 
Hot gas filtration 
Gas cooler 
Scrubber 
 
250 kWe power production 
by combined heat and 
power 
4 Eucalyptus 
wood 
Size reduction Downdraft with air Cyclone 
Filter 
300 kWe power production 
by gas engine 
5 Wood waste 
from furniture  
Size reduction Downdraft with air Cyclone  
Scrubber, Filter 
Heat used in hotel  
(25 toe/year) 
6 Wood waste Size reduction Downdraft gasifier with air  
Using Plasma torch 
Cyclone 
Wet scrubber 
Heat for fertilizer drying 
(84 toe/year) 
7 Wood chips Size reduction Updraft gasifier with air Gas cooler 
Cyclone 
Fabric filter 
Heat used for palm oil 
industry (60 toe/year) 
8 Wood chips, 
corncob, 
bagasse, straw 
Size reduction Updraft gasifier with air Gas cooler 
Cyclone 
Fabric filter 
Heat for rubber drying (60 
toe/year) 
9 Palm empty 
fruit bunch, 
husk, chips 
Size reduction Updraft gasifier with air Gas cooler 
Cyclone 
Fabric filter 
Heat for drying palm fruit 
(132 toe/year) 
10 Wood waste 
from furniture  
Size reduction Downdraft gasifier with air  
Double throat 
Cyclone 
Filter 
Heat for ceramic process 
(205 toe/year) 
11 Corncob, 
wood chips 
Size reduction Crossdraft and updraft with air  Heat for corn mill industry 
(115 toe/year) 
12 Coconut shell, 
coconut fiber 
Size reduction Downdraft with air Cooling tower 
Scrubber, Filter 
Heat for steam generation 
(192 toe/year) 
3.4. End-use application 
Clean and low tar producer gas can be used for heat and power production or chemical synthesis 
depending on the level of producer gas quality. In Thailand, the producer gas from the pilot plants was 
proposed to be used only for heat and power generation. Five pilot plants had the purpose of using 
producer gas from power generation via the gas engine and the other 7 pilot plants applied producer gas 
as a substitute for the LPG fuel in the gas burner for heat production, as shown in Table 2. 
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4. Performance tests 
4.1. Gasification technology 
During this study, 5 pilot plants (No. 1, 5, 6, 10 and 11) were completely constructed and the 
commissioning tests were conducted for 30 hours continuously, while 7 other plants were still under 
construction. The performance tests for plant No. 1, 5, 6, 10, and 11 is shown in Table 3. which the 
producer gas was used for heat production. The overall efficiency was additionally determined for plant 
No. 1, which had the target of 250 kWe power production.  
Table 3. Results of performance test No. 1, 5, 6, 10, and 11 
Parameter Pilot plant 
No. 1 No. 5 No. 6 No. 10 No. 11 
Feedstock Mixed 
wood chips 
Waste wood  Eucalyptus 
wood 
Waste wood1  Corncob and 
waste wood 
Design feedstock consumption rate (kg/hr) 300 50 75 367 100 
Actual feedstock consumption rate (kg/hr) 300 16.5 75 98 84.3 
Producer gas yield per kg of feedstock (Nm3/kg) 3.33 8.3 1.87 2.37 2.99 
Lower heating value of producer gas (MJ/Nm3) 4.00, 5.402 1.89 5.04 5.89 5.30 
Cold gas efficiency (%) 75.82  n.a. 65.30 76.96 62.59 
1 Waste wood from furniture manufacture, 2Steam was used as the gasification agent. 
According to Table 3, pilot plants No. 1 and 6 met the design feedstock consumption rate, but the 
actual feedstock consumption rate of pilot plants No. 5, 10, and 11 was below the design feedstock 
consumption rate. The producer gas yield ranged from 1.87 to 3.33 Nm3/kg and the lower heating value 
of the producer gas of 4-5.89 MJ/Nm3 varied depending on the operation condition, which corresponded 
to the typical value recommended by Basu [8]. The use of steam as the gasification agent increased the 
heating value of the producer gas (compared to air gasification in the same gasification technology). For 
pilot plant No. 5, the producer gas yield was unusually high, and the heating value of the producer gas 
was extremely low. Hence, the cold gas efficiency and the producer gas end-use application of pilot 
plants No. 5 were not considered in this study. The cold gas efficiency was 62.59-76.96 %, which lies in 
the range suggested by Quaak et al. [9].  
4.2. End-use application 
Considering the producer end-use application, pilot plant No. 1 had the overall efficiency of power 
production of 14.5% and was able to operate 30 hours continuously. Pilot plant No. 6 used producer gas 
as the substitute for LPG in the gas burner for fertilizer drying and after the performance test it was found 
that the drying temperature of 250 °C could be achieved and the moisture content of the fertilizer reduced 
from 17.33%-wt. to 9.91%-wt. In pilot plant No. 10, after 30 hours’ operation, the producer gas was able 
to replace the LPG in the gas burner for the heating of the ceramic oven. According to the different 
heating stages in the ceramic oven, which require a different producer gas consumption rate, it is 
necessary to control the producer gas supplied into the gas burner to match the gas requirement. The 
producer gas application in the corncob mill was not successful for pilot plant No. 11, since the amount of 
producer gas generated was not steady; thus the producer gas could not replace the LPG in the gas burner. 
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5. Conclusion  
Thailand has a diversity of biomass, which has a high potential to be used as feedstock for heat and 
power through gasification technology. Twelve pilot plants have been established in Thailand. The 
feedstock proposed to be used in these plants can be agricultural products, forestry products, and industry 
residue. Downdraft gasification technology is the common and promising gasification technology used in 
the pilot plants, which can provide low tar containing producer gas. Although the producer gas has low tar 
content, it cannot meet the requirements of end-use application; therefore, the gas cleaning process is 
essential. The gas cleaning system consists of a cyclone, cooling tower, wet scrubber, and filter. For the 
end use application, a gas engine coupled with a generator is installed for power production and a gas 
burner is equipped for heat production. The performance test of the pilot plants showed that the cold gas 
efficiency of 62.59-76.96 could be achieved for all plants and the overall efficiency of the power 
production was 14.5%.  However, the process should be improved in order to stabilize the amount and 
heating value of the producer gas for the long run.  
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